Abstract: Biogas (BG), a renewable form of energy, can mitigate greenhouse gas emissions, unlike conventional gas. Thus, the Korean Government is considering the introduction of a BG mandate, in which the legal blend is 2% BG and 98% conventional gas (BG2), by 2020 to expand BG use. We should examine the public acceptability of the introduction, which will incur a rise in the gas price. This study attempts to assess the public's willingness to pay (WTP) for introducing the BG2 program in Korea. The WTP data were obtained from a one-and-one-half-bounded dichotomous choice contingent valuation survey of 1000 households. Because a considerable number of the respondents (63.4%) gave a zero WTP response, we applied a spike model to treat the WTP data with zero observations. The yearly mean WTP was computed as 2539 Korean won (KRW) (USD 2.5) per household for the next 10 years, which is also statistically meaningful at the 1% level. Expanding the value to the national population gives us KRW 50.7 billion (USD 49.5 million) per year. The present value of the total public WTP amounts to KRW 372.7 billion (USD 368.4 million) using a social discount rate of 5.5%. We can conclude that gas consumers in Korea are ready to shoulder some of the financial burden of expanding the use of BG.
Introduction
The amount of greenhouse gases (GHGs) in the atmosphere has increased since the Industrial Revolution as a result of various human activities. Carbon dioxide (CO 2 ) is the GHG most commonly produced by human activities, and it is to blame for 64% of global warming. Currently, the CO 2 concentration in the atmosphere is 40% higher than before industrialization. This phenomenon occurred as a result of the combustion of fossil fuel, and the use of fossil fuel entails many problems, such as finite resources and atmosphere pollution. In contrast, renewable fuels, such as biofuel, wind power, solar energy, and waste energy, can significantly mitigate GHG emissions and air pollutants. Because of this, biofuel is considered to be a viable alternative fuel. The reduction in GHG emissions resulting from the use of biofuel and biofuel blends has been implemented as a policy in several countries following the "Direct Action" approach to climate change.
Therefore, the global production of biofuel has been steadily growing. In particular, many countries have focused on biogas (BG) in their adoption of alternative fuel as a substitute for conventional gas. BG is a gas that is formed by anaerobic micro-organisms and considered to be a renewable fuel. The anaerobic digestion is active in landfills where they are the principal process degrading landfilled food wastes. BG is produced out of this process. The process occurs in an anaerobic (oxygen-free) environment through the activities of acid-and methane-forming bacteria that break down the organic material and produce methane and CO 2 in a gaseous form known as BG.
per gallon as a fuel surcharge in Solomon and
Johnson's paper [9] . Petrolia et al. [10] found a mean WTP a premium for biomass ethanol of about USD 0.12 to 0.15 per gallon of gasoline surcharge. Savvanidou et al. [11] elicited the WTP for biofuel and found that the mean WTP a premium amounted to EUR 0.06 to 0.08 (USD 0.08 to 0.11) per liter of biofuel surcharge in Greece. Cicia et al. [12] measured the WTP a premium for the generation of biomass power as about EUR 40.06 (USD 56.1) per household bi-monthly in Italy. Lanzini and Testa [13] conducted a survey regarding biofuel in Italy. Moreover, this study examined consumers' WTP a premium for biofuel, and most respondents reported their additional WTP as being up to EUR 0.14 (USD 0.20). In summary, there are many CV studies on WTP for biofuel, but the CV studies on BG, in particular, remain scarce.
As shown above, many studies have examined consumers' WTP a premium for biofuel by employing the CV method, one of the most popular methods used by environmental and resource economists to value environmental and non-market goods. We can find various pieces of empirical evidence in the literature showing that people are willing to pay a premium for biofuel. Therefore, our strategy of applying the CV method to investigating the public acceptability of introducing the BG2 mandate is consistent with the practices of former studies. We attempt to elicit the public's additional willingness to pay (WTP) for BG2 instead of conventional gas by using a CV approach to analyze the data on WTP. The remainder of the paper is made up of four sections. The methodology adopted in this study and the data used are explained in Section 2. Section 3 describes the WTP model used. The empirical results are reported and discussed in Section 4, and the paper is concluded in Section 5.
Methodology

Object to Be Valued
The object to be valued in this study is obviously the dollar value of the public acceptability for consuming BG or a premium for BG over conventional gas. More specifically, we assess the governmental policy of introducing the BG2 mandate until 2020 to expand the use of BG. The main instruments for achieving the improvement goal for the proposed policy include the following:
• a blend of 2% BG for gas-supplying companies; • improving the system of gathering and reusing waste resources to increase their use; and • financially supporting the research and development of technology for the low-cost production of BG.
The expected effects of the policy implementation are summarized fourfold. First, the BG2 mandate will contribute to the reduction of GHG emissions. Second, the use of BG from domestic sources will improve the trade balance, because most of the gas consumed in Korea is imported from abroad. Third, the use of BG from domestic sources will reduce Korea's energy dependency and increase the supply security of fuels. Fourth, the BG2 mandate will stimulate the research and development of less costly BG production and create new jobs. These effects, as well as the BG2 policy, were explicitly conveyed to the respondents during the survey.
The Method of Investigating the Public Acceptability of Introducing a BG Mandate
In the context of economics, the consumption benefits of a commodity are defined as the area below the demand curve for the commodity. The area is precisely consumers' WTP for the commodity. Thus, we can usually value the benefits by first estimating the demand function and then computing the area. However, if the commodity is not traded in the market-in other words, it is a non-market good-estimating the demand function will be difficult. In this case, the area can be directly computed by using a stated preference technique such as the CV method [14, 15] rather than estimating the demand function and then calculating the area under it. In our study, the demand function is defined for environmental quality improved by the BG2 policy implementation. The expansion of BG use is a case for which directly calculating the area under the demand function is an appropriate strategy. Therefore, we estimate the WTP for the environmental quality improvement through the BG2 policy implementation using the CV technique.
The CV technique has been very widely applied in the literature to obtain the WTP for non-market goods [16, 17] and environmental goods [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] . Refer to Carson and Hanemann [34] for a better understanding of the CV technique and its implementation. There are no restrictions on the objects that can be valued using the CV method. In particular, it is more useful than other methods because it can capture the non-use or existence value of goods, which cannot be measured through the market mechanism. Non-market goods include environmental goods or public goods, such as the expansion of BG use. Thus, as explained earlier, this study seeks to utilize the CV approach to assess the economic benefits that would follow the expansion of BG use. The CV approach asks respondents a question concerning their WTP using a well-structured survey of randomly chosen consumers.
Some people may doubt the practicality and usefulness of the CV method because it gathers information from a survey of respondents. In this regard, the blue-ribbon National Oceanic and Atmospheric Administration (NOAA) Panel reached the influential conclusion that the CV method can produce reliable quantitative information to be employed in decision making in terms of both public administration and jurisdiction, provided that several guidelines proposed by the NOAA Panel are observed [35, 36] . Moreover, following the guidelines can secure the validity and accuracy of the CV method.
For example, the goods of concern should be familiar to the public, the CV survey should be administered through face-to-face interviews conducted by professionally trained interviewers rather than by telephone or mail, a suitable payment vehicle should be adopted and presented to the respondents, and the substitutes for the goods should be explained to the respondents in the survey. The conditions are met in our study, as will be discussed in detail below.
CV Survey Design Issues
We commissioned a professional survey firm to arrange a CV field survey. The firm drew a stratified random sample of 1400 households from the Korean national population (18, 457 ,628 households) during April 2014 to obtain information on their WTP for expanding the use of BG and on their socioeconomic characteristics. The firm, Research Prime Service, Inc., is located in Seoul, the capital of Korea, and has a number of experiences of conducting CV surveys. According to '2010 National Population and Housing Census' implemented by the Korea National Statistical Office, there were 18,457,628 households and sixteen provinces in Korea. In order to draw a random sample of this population, sampling was conducted by the professional polling firm. Our sample of 1400 households was allocated to the provinces in proportion to each province's population characteristics, such as age, income, and gender, resulting in 18- A CV survey can be conducted using face-to-face, telephone, or mail interviews. The response rate to a mail survey is usually quite low, and a telephone survey can present only a limited volume of information to the respondents. We wished to convey a large amount of explanatory information on BG2, to provide visual cards describing the situation with and without the BG2 policy, and to outline the expected effects of the policy to the respondents in the CV survey [37, 38] . This is why we chose to hold face-to-face interviews.
We gave the interviewers sufficient information about the purposes and background of the CV survey and instructed them as to how to answer any questions that might be raised by the interviewees in the CV survey. Moreover, the supervisors affiliated with the survey company trained the interviewers in implementing the CV survey as persuasively and effectively as possible. To ensure reliable and responsible decision making by the respondents, 20-to 65-year-old heads of households or homemakers were selected and interviewed for the CV survey.
The survey instrument consists of three parts. The first is an introductory section, providing general background information about BG2 and then asking the respondents about their perceptions of it. For example, the role of biofuel, the definition of BG, the process of producing BG, the environmental merits of BG, the current status of BG in EU and the United States, and the BG2 policy under consideration by the Korean government, which are reported in detail in Section 1, are explained to the respondents. The scenario in which the goods to be valued would be provided to the public should be clearly explained. That is, the main instruments for achieving the improvement goal for the proposed BG2 policy and the expected effects of the policy implementation, which are provided in subsection 2.1, are conveyed to the respondents. The second part includes questions about WTP for introducing the BG2 mandate by 2020. These questions should be presented in a context that ensures that the WTP questions are plausible, understandable, and meaningful. The final part contains questions relating to the households' socioeconomic variables.
The post-interview follow-up telephone check was done to reduce the number of skipped questions and to verify the results of the survey, both of which tend to increase the reliability of our data. Besides obtaining answers for the skipped variables, a total of 1400 observations verified that the CV survey was properly conducted. We asked by phone whether the interviewer performed their job properly, whether the interviewers used the visual aids properly, and whether the respondents sufficiently understood the CV questions. We also checked the consistency of the respondent's answers by asking several questions again. Perhaps remarkably, respondents in Korea understood the CV questions easily with the help of the interviewer. In the process of verification, 400 observations from the original total of 1400 interviewed were removed from the sample. For some observations, we could find no one by the given name at the telephone number given by the respondent. For some questionnaires, the answers given over the phone were inconsistent with the answers given in the interview. For some survey results, there were skipped variables that cannot be made up over the phone. Some respondents frankly confessed that they did not pay attention to the CV survey. Some observations were evaluated to be of poor quality by the interviewers. Finally, we obtained 1000 useable observations.
The Method of WTP Elicitation
Our study used a dichotomous choice (DC) question format, which is a type of closed question. This is preferred in the literature to open-ended questions, because a respondent is likely to adopt strategic behavior and have difficulty in giving a WTP response when an open-ended question is asked. In addition, the blue-ribbon NOAA Panel's report [36] supported the use of DC questions rather than open-ended questions. In particular, the single-bounded (SB) DC question or double-bounded (DB) DC question is usually used. The SB DC question is a one-time DC question. By contrast, the DB DC question consists of two DC questions. A respondent who states "yes" to the first bid is additionally asked a follow-up question regarding whether he would pay a second, higher, bid. A respondent who answers "no" to the first bid is additionally asked a follow-up question concerning whether he would pay a second, lower, bid.
The DB DC question format can significantly increase the statistical efficiency compared with the SB DC question format [39] . However, the DB DC question format also augments the response bias when compared with the SB DC question format (e.g., see [40] [41] [42] ). Thus, SB DC and DB DC questions suffer from low statistical efficiency and high response bias, respectively. As an alternative to them, Cooper et al. [43] suggested the one-and-one-half-bound (OOHB) DC question format. The statistical efficiency of the OOHB DC question format is similar to that of the DB DC question format, and the consistency of the OOHB DC question format is close to that of the SB DC question format.
The OOHB DC question format is based on a set of two bids. In an OOHB DC question, one of two bids is randomly selected by the interviewer, and it is then given to the respondent. If the selected bid is the lower one and the respondent's response is "yes", the remaining higher bid is additionally presented to the respondent. If the selected bid is the lower one and the respondent's response is "no", a follow-up question is not needed. If the selected bid is the higher one and the respondent's response is "yes", a follow-up question is needless. If the selected bid is the higher one and the respondent's response is "no", the residual lower bid is then presented to the respondent.
We used seven sets of two bids, which were determined from a pretest with a focus group (30 persons). The list of the sets used in this study is (1000; 3000), (2000; 4000), (3000; 6000), (4000; 8000), (6000; 10,000), (8000; 12,000), and (10,000; 15,000); the first element of each set is the lower bid and the second element is the higher bid, and all values are in KRW. At the time of the survey, USD 1 was approximately equal to KRW 1014. The OOHB DC question depends on whether the lower bound of the upper bound bid is randomly chosen as the starting value. The first part is common to both as follows: "The cost of implementing the BG2 policy will be somewhere in the range of lower bid to higher bid Korean won". If the lower bid is chosen as the first bid, then the following question is presented the respondent: "If the cost was [lower bid] Korean won, would your household be willing to pay the amount?" An additional follow-up question is asked only of respondents who answered "Yes" to the question: "And if the cost were [higher bid], would your household still pay it?" If the upper bound bid is chosen the first bid, then the following question is asked: "If the cost were [higher bid], would your household be willing to pay the amount?" An additional follow-up question is asked only of respondents who answered "No" to the question: "And if the cost were [lower bid] instead, would your household still pay it?"
Payment Vehicle
A respondent may have difficulty answering questions asked directly for their WTP because the WTP question uses a hypothetical market. Thus, we should create a believable and meaningful set of questions which simulate a market for the environmental goods in question, with sufficient plausibility that the respondents' answers may be taken as an accurate representation of how they would behave if confronted with an actual market for the goods [44] . Introducing into the survey questionnaire a medium through which the amount would be paid helps the respondent to reveal their true WTP. We usually call the medium the payment vehicle. The payment vehicles found in the literature include taxes, funds, donations, and expenditure. The respondents should feel at home with the payment vehicle, and the goods to be valued should have a clear connection with it. For this reason, a tax is most frequently employed in valuing the economic benefits of the provision of a public goods. There are two options-national and local taxes. Of the two, a national tax is related to expanding the use of BG. Furthermore, among the several types of national tax, income tax is the most familiar to the respondents [45, 46] . Therefore, income tax is employed in this study as the payment vehicle.
Next, two points should be decided. One is the frequency of payment, which may be monthly, quarterly, or annual, or the payment may be a one-off payment. Following Egan et al.'s [47] suggestion, we use an annual payment. The other point is the duration of the payment. We decided to use the next ten years. In short, each respondent was asked about whether they would be willing to pay a specified amount annually through higher income tax for the next ten years. The WTP question was as follows: "Is your household willing to pay a given amount for implementing the expansion of BG use through an increase in income tax for next ten years, supposing that the expansion of BG use will certainly succeed?" Moreover, some additional statements concerning payment were provided in the survey questionnaire. For example, the respondents were told the following: "If a majority of respondents refuse to pay the given amount, the BG2 policy cannot be implemented. However, if a majority of respondents accept the payment, the BG2 mandate can be introduced. Please bear in mind that there are many other policies or projects to be conducted by the Government besides the BG expansion policy". Given that respondents hear that the policy may be implemented if enough people are in favor of it, there may be some concern about strategic behavior in which respondents do not offer their true WTP, but free-ride on others' WTP. In order to avoid the problem of strategic behavior, we took two measures. First, we used a DC question format as explained above. Second, we clearly addressed in the survey that, "The amount you indicate will tell us what it is really worth to your household to have the policy implemented. If the policy actually costs less than people are willing to pay, you would only have to pay what it would cost". The information given to respondents about all aspects of the hypothetical market, together with such information as is provided on the good being valued, constitute the framing of the good.
Modeling WTP Responses
The Basic WTP Model
There are two approaches to modeling WTP responses gathered from a DC CV survey: the utility difference approach suggested by Hanemann [48] and the WTP function approach proposed by Cameron and James [49] . The first specifies the utility difference using a random utility maximization model, while the second specifies the WTP responses directly. As pointed out by McConnell [50] , the choice of one out of these two is not an issue of right and wrong but depends on the researcher's preference, because the two approaches are dual in the context of economics. The literature shows that the first has been more frequently applied than the second. Thus, we adopt the utility difference approach in our study. The ratios of "yes" responses to each given bid are the basic input when applying this approach.
Through the process of utility maximization under income constraint, a DC response regarding whether to pay a specified amount for achieving a given environmental improvement or the provision of a public goods is derived for each respondent. The independent variables of the utility function, U, include the respondent's income, socioeconomic characteristics, and perceptions about the goods to be valued and their provision state. The provision state of the goods to be valued is S. The value of S is one in the case in which the goods are provided and zero otherwise. The respondent's income and the other factors that affect the respondent's utility are M and T, respectively. Thus, the utility function is defined as
where V is the indirect utility function that we can obtain by inserting the solution to the utility maximization problem into the objective function of the respondent's utility, ω is a random component of the utility, and ω's are independent and identically distributed random variables with zero means. The respondent will maximize their utility by showing their WTP a presented bid, B, to obtain the goods to be valued if
Rearranging Equation (2) produces
The left hand side of Equation (3) consists of the utility difference, defined as ∆V, and a systematic and deterministic component, while the right hand side consists of a non-systematic and random component. Let ω 0 − ω 1 be θ and H θ (·) be the cumulative distribution function (cdf) of θ. Using Equation (3), we can express the probability of obtaining the answer "yes" to a given bid as Pr {response is "yes"} = Pr {∆V(B)
From a different perspective, we can introduce the WTP, X, as a random variable into the description of the probability of responding "yes" to a presented bid as follows:
where F X (·) is the cdf of X. Thus, comparing Equations (4) and (5) yields
Therefore, there is no need to assume the functional form of H θ (·); all that is necessary is to assume that of F X (·) and estimate its parameters. Usually, we assume that ∆V = α − βB, where λ = (α, β) is a parameter vector to be estimated.
The assumption of a linear specification means that utility changes due to a change in the bid are independent of income and sociodemographic variables. Of course, the assumption may be restrictive and can be violated. However, checking up independence is too complex and time-consuming to easily work with our data. In practical terms, a linear form should be at least a good approximation of the utility difference. Again, when dealing with DC CV data, the linearity assumption is almost always employed in the literature to reduce the complexity of the analysis procedures. Since the focus of our paper is on showing how our research builds on the existing literature by eliciting household WTP from individuals, it seems unlikely that the main conclusions are affected by this respect.
The Model for Dealing with Zero WTP Responses: Spike Model
Some people can have an interest in the goods to be valued, but others may be totally indifferent to, or place no value on, the goods. In this case, the proportion of zero WTP responses in the CV survey may be high. Researchers should pay close attention to how they deal with observations of WTP responses of zero. For this purpose, we apply the spike model suggested by Kriström [51] and Yoo and Kwak [52] . The spike model specifies the probability of zero WTP responses as a spike at zero in the distribution of the WTP.
The spike model enables us to analyze both zero point and positive interval WTP data in a univariate setting. In the spike model, F X (B; λ) has the following functional form:
Some respondents could have negative WTP if the BG2 policy contributes negatively to their utility. In this regard, we asked the 634 respondents who showed zero WTP a debriefing question of identifying the reasons of zero WTP. The respondents are made up of three groups: true zero WTP, protest bidder, and negative WTP ones. First, some of the respondents having zero WTP stated that the BG2 policy produces no value to them or that they cannot afford to pay the cost. One hundred sixty-eight respondents (26.5%) belong to this group. These responses can be interpreted as true zero WTP. Second, some responses indicate protest bidders, which come from 400 respondents (63.1%). However, we considered these responses as zero WTP instead of deleting these responses from the dataset for a conservative approach. This may underestimate the mean WTP estimate. Third, 66 respondents (10.4%) showed negative WTP in that they stated they should be compensated if the policy were implemented. How to deal with the negative WTP responses is a controversial issue. Treating the responses as negative values is not always a panacea because the 'negative' responses may indicate protest bidders rather than true negative WTP. In addition, actual compensation will not be done when the BG2 policy will be implemented. Thus, we decided to handle the negative WTP responses as the zero WTP responses. Of course, we admit that the handling may overestimate the mean WTP estimate. In summary, the BG2 policy is a good to all respondents (89.6%), and the zero WTP responses were treated as true zero WTP in estimating the spike model.
As explained earlier, the spike is defined as the probability of the respondent's WTP being zero. Thus, the spike is computed as [1 + exp(α)] −1 . Some covariates, such as the respondent's household income, can be incorporated into the spike model. A common method for achieving this makes the covariates penetrate α in Equation (7). That is, α is simply changed into α + z δ, where z is a vector of covariates and δ is a vector of the corresponding parameters to be estimated.
The OOHB DC Model
As explained above, an OOHB DC model produces a higher level of statistical efficiency than an SB DC model and yields greater consistency than a DB DC model. This is why we use an OOHB DC model in this study instead of an SB or DB DC model. The following OOHB DC model is based on Cooper et al.'s [43] suggestion. We have J observations to be analyzed. A bid, B j , is given to respondent j for j = 1, ..., J. During the CV survey, two bids, B L j and B U j , where B L j < B U j , are presented to each respondent j.
About half of the respondents are randomly provided with B L j as the first bid. If the end figure of the respondent's mobile or home phone number is an even number, the lower bid is offered as the starting bid. Otherwise, the higher bid is presented as the starting bid. B U j is supplied as the second bid if the answer is "yes". In this case, there are two outcomes, "yes-yes" (X > B U j ) and "yes-no" (B L j < X < B U j ). If the respondent answers "no" to the first bid, B L j , the outcome is "no" (X < B L j ). The remaining respondents are presented with B U j as the first bid. If the answer is "no", the second bid, B L j , is sequentially supplied to the respondent and the possible outcomes are "no-yes" (B L j < X < B U j ) and "no-no" (X < B L j ). If the respondent's response is "yes" (X > B U j ), no further bid is required. Therefore, for the six results we can introduce six binary variables, I YY j , I YN j , I N j , I NY j , I NN j , and I Y j . The value of each binary variable is one if the respondent's response corresponds to its superscript and zero otherwise. For example, I YY j is one if respondent j reports "yes-yes" and zero otherwise.
The OOHB DC Spike Model
In this subsection, we attempt to combine the OOHB DC CV model and the spike model. To identify zero WTP observations, we asked the respondents who gave a "no" response when the first presented bid was B L j , or a "no-no" response when the first presented bid was B U j , an additional follow-up question that can distinguish true zero WTP from positive WTP. Thus, we could formulate one more binary variable, I P j , the value of which is one if the j-th respondent's WTP is positive and zero otherwise. The log-likelihood function of the OOHB DC spike model is as follows:
Using Equation (7), the mean of WTP can be computed as
The middle part of Equation (9) is a conventional formula for estimating the mean using cdf. The first integral is the expected WTP, which is found by integrating a function that gives the probability of "yes" over all non-zero bid values. The second integral is simply equal to 0 since F X (·) = 0 for these values of B.
Results and Discussion
Data
As explained above, we obtained 1000 useable observations. Definitions and sample statistics of some variables are presented in Table 1 . We need to check that our sample is representative of the Korean population. Of the five variables, the values for gender, family, and income were available from the Korea National Statistical Office. Accordingly to the Korea National Statistical Office, the ratio of male people, the average of the household size, and the average of household income are 50.0%, 2.76 persons, and KRW 4.28 million, respectively, at the time of the survey. These values are quite close to the sample means (50.0%, 3.34 persons, and 420.32 ten thousand Korean won). Thus, we can conclude that our sample is representative of the national population. Table 2 describes the distribution of responses by each bid amount. Each set of bids was allocated to a similar number of respondents, as is shown in the last column of Table 2 . Both "no-no" responses when the lower bid was presented as the first bid and "no-no-no" responses when the upper bid was presented as the first bid indicate the zero WTP responses. A total of 634 households (63.4%) revealed zero WTP for implementing the expansion of BG use. This implies that the use of the spike model to deal with zero WTP responses is a suitable approach in our study. Overall, the proportion of "yes" responses to a given bid declines as the magnitude of the bid increases. For instance, when the lower bid is presented as the first bid, that is, "from lower bid to upper bid", 26 respondents (36.1%) accepted the payment of KRW 1000 (USD 1.0), while just 6 respondents (8.4%) agreed to the payment of KRW 10,000 (USD 9.9).
Estimation Results of the OOHB DC Spike Model
The estimation results of the OOHB DC spike model are reported in Table 3 . The parameter estimates can be obtained by finding the parameter values maximizing Equation (8), in other words, by applying the maximum likelihood estimation method. As explained above, α and β re the parameters, which penetrate into the utility function, to be estimated and determine the shape of the cdf of WTP. In particular, β should be a positive real number because the higher the bid is, the lower the utility is. All the estimates for two parameters, α and β, are statistically significant at the 1% level. Moreover, the null hypothesis that the parameter estimates are all zero can be rejected at the 1% level, since the p-value for the Wald statistic calculated under the null hypothesis is less than 0.01. In particular, the estimate for the spike is 0.635, which perfectly coincides with the sample proportion of the zero WTP responses provided in Table 2 . This indicates that the spike model employed here fits our data well. Using Equation (9) and the values presented in the upper panel of Table 3 , we can obtain an estimate of the mean WTP of KRW 2539 (USD 2.5) per household per year. Its t-value is 14.41; thus, the estimate is statistically meaningful at the 1% level. To handle the uncertainty related to the computation of the estimate, we try to report the confidence intervals for the estimate. For this purpose, the parametric bootstrapping method proposed by Krinsky and Robb [53] is the most widely employed in the literature. Thus, we also use the method with 5000 replications to obtain the 95% and 99% confidence intervals, which are contained in Table 3 . The 95% confidence interval is tighter than the 99% confidence interval.
The Estimation Results of the OOHB DC Spike Model with Covariates
We seek to estimate the spike model with covariates explained in Section 3.2. Some variables used for the covariates are defined in Table 1 . They are related to the characteristics of the respondent or the respondent's household. Furthermore, the sample statistics of the covariates are reported in Table 3 . The model contains a total of five variables. The sample characteristics appear to reflect those of the population well, since we drew a random sample of Korean households with the help of a professional polling firm. Randomness of the sample could provide evidence that the sociodemographic makeup of their sample is similar to that of the Korean population. The results from the estimation of the spike model including the variables shown in Table 1 are described in Table 4 . Notes: a The variables are defined in Table 1 ; b The unit is 1000 Korean won and USD 1.0 was approximately equal to KRW 1014 at the time of the survey; c The null hypothesis is that all the parameters are jointly zero, and the corresponding p-value is reported in the parentheses beside the statistic; * and # indicate statistical significance at the 5% and 1% levels, respectively.
In particular, the coefficient estimates for income and education in the model are statistically significant at the 1% and 5% levels, respectively. The finding that the coefficient estimates for income and education have a positive sign indicates that the respondents with a higher income and higher level of education have a tendency to respond "yes" to a given bid. In order to deal with the WTP data with too many zeros, we applied the spike model rather than the conventional model. The spike model can be easily specified for the utility difference approach. However, the spike model cannot be specified for the WTP function approach where we can test whether some covariates have an impact on WTP instead of the probability of saying "yes" to a given bid. For this reason, any spike model for the WTP function approach is not found in the literature. Thus, we estimate the yearly mean WTPs by a group of covariates and report them in Table 5 to capture heterogeneity among the population. Notes: a The variables are defined in Table 1 ; Younger (Lower) and older (Higher) mean the group whose value is less and more, respectively, than the sample averages presented in Table 1 .
Discussion of the Results
As the final step of our study, expanding the household value to the national population is useful for enabling the results to be used in BG-related policy making and decision making. To obtain an estimate of the total public WTP, we need to use the mean WTP estimate obtained from the investigation of the sample observations and the information on population size. During this process, the most important issue is whether the sample is representative of the population or not. As addressed above, the sampling was conducted by a professional survey firm to secure randomness of the sampling and consistency with the characteristics of the population. Another important issue is the response rate to the CV survey. Our CV survey was implemented using in-person face-to-face interviewing; thus, the response rate was almost 100%. Moreover, as discussed in subsection 4.1, the sample characteristics are not significantly different from the population ones. Thus, we cannot deny that our sample is representative of the national population.
We use the mean WTP estimate from the model with no covariates, since setting the covariates may influence the mean WTP value if we use the mean WTP value from the model with covariates. According to Statistics Korea (http://kosis.kr) [54] , the number of households was 18,457,628 at the time of the survey, April 2014. Using this information, expanding the value to the national population gives us KRW 46.9 billion (USD 45.3 million) per year. The present value of the total external benefits amounts to KRW 372.7 billion (USD 368.4 million) using a social discount rate of 5.5%. To examine the economic feasibility of the BG2 policy, we can compare this value with the cost involved in implementing the BG2 policy. The corresponding 95% and 99% confidence intervals for the total external benefits are KRW 327.5 to 428.6 billion (USD 323.7 to 423.7 million) and KRW 311.9 to 447.2 billion (USD 308.4 to 442.1 million), respectively. Overall, we can judge that Korean households are ready to bear a share of the financial burden of implementing the BG2 mandate.
One more point should be addressed here in the context of interpreting the results. Our study estimated the household WTP for implementation of a new regulation through higher income tax as a payment vehicle. However, there is no notion of changes in fuel prices or quantity supplied under the new program, which will also impact consumption benefits. If consumers are fully aware of cost increases, then they are willing to pay the hypothetical income tax in addition to a higher price for fuel.
Conclusions
GHG is well known for causing global climate change, and its emission is continuously observed as a result of human activities. Countries have agreed to outline publicly the post-2020 climate actions that they intend to take under a new international agreement known as their intended nationally determined contributions (INDCs). Korea's INDCs feature a reduction of its GHG emissions by 37% from the business-as-usual level by 2030 across all economic sectors [55] . One of the effective alternatives for achieving this target is to expand the use of renewable energy sources. Internationally aligned schemes for BG will be vital to ensure a positive environmental and social impact and create an international market for sustainability. Furthermore, the Korean Government plans to implement the BG2 policy until 2020. Because it will raise the production cost of fuel and consequently incur a rise in its price, the public acceptability of the BG2 program should be investigated.
This study attempted to assess the public's WTP for introducing the BG2 program in Korea using the CV approach. An OOHB DC question was used to reduce the response bias as well as to increase the statistical efficiency, and the spike model was applied to handle the zero WTP data explicitly. Overall, the CV survey was successful in eliciting the additional WTP values from the respondents. We found that the mean WTP for introducing the BG3 mandate was estimated to be KRW 2539 (USD 2.5) per household per year for the next 10 years, and this value is significantly different from zero at the 1% level. We can conclude that Korean households are ready to shoulder some of the financial burden of introducing the BG2 mandate to expand the use of BG.
Expanding the value to the national population gives us KRW 46.9 billion (USD 45.3 million) per year. The present value of the implementation of the expansion was computed as KRW 372.7 billion (USD 368.4 million) using a social discount rate of 5.5%, which has been officially announced and is currently being adopted by the Korean Government. This value can be compared with the costs of implementing the BG2 policy. If the former is greater than the latter, the BG2 program can be well established. Unfortunately, to the best of the authors' knowledge, there is no available data on the cost of the proposed BG program. Thus, as a second stage of this study, measuring the cost would be meaningful. It would be interesting to know if the WTP of the population is on the same order of magnitude as the costs of such a policy.
